Background. Andes virus (ANDV) infection, which has a case fatality rate of 37% in Chile, often occurs in household clusters and may be transmitted from person to person.
Hantavirus cardiopulmonary syndrome (HCPS) occurs throughout much of the Americas [1] [2] [3] [4] [5] [6] [7] . More cases (480) have been reported in Chile, where the case fatality rate is 37%, than in the United States (451), and Andes virus (ANDV), the etiologic agent of all known cases in Chile and of most cases in Argentina, is the
METHODS
The human-experimentation guidelines of the US Department of Health and Human Services; of local, independent ethics committees in Chile; and of the Institutional Review Board of the University of New Mexico were followed in the conduct of the research. Study sites were established at tertiary care hospitals throughout central and southern Chile. HCPS was diagnosed on the basis of the presence of (1) an illness with a febrile prodrome followed by a cardiopulmonary phase with the development of bilateral pulmonary changes (as determined by chest radiography) with or without shock and (2) the detection of anti-hantavirus IgG and IgM antibodies. After giving written, informed consent, the index case patient, guardian, or legal next-of-kin identified all household contacts у2 years of age who had resided in the same house for at least 1 night at any point from 30 days before to 7 days after the onset of symptoms in the index case patient. We then attempted to locate each household contact and confirm eligibility. At the first visit, the subject, parent, or guardian gave written, informed consent, and we performed a clinical evaluation, obtained blood samples, and administered a questionnaire that included demographic data, risk activities engaged in by the household contact, and the type of contact between the household contact and the index case patient.
The index case patient was the person who developed the first confirmed case in the household, and persons in whom all subsequent cases occurred were considered to be additional household case patients. If the presumed index case patient was later found to have the second case occurring in a household, the person with the first case was reclassified as the index case patient and the person with the subsequent case was reclassified as an additional household case patient. The latter classification was then used for all analyses, including the description of demographics and the analysis of risk factors for additional household case patients. We have chosen not to describe additional cases in the household as "secondary," because some additional cases resulted from acquisition via environmental exposures rather than via person-to-person transmission from index case patient.
Prospective follow-up of household contacts. Each household contact was clinically evaluated, and blood samples were obtained at least weekly for 28 days. Serum was tested immediately for anti-hantavirus antibodies. Blood obtained in an EDTA tube was allowed to stand without centrifugation, and cells were separated from plasma before both were frozen at Ϫ70ЊC. Clinical evaluation was recommended for any household contact who developed a febrile illness, including hospitalization unless the platelet count was normal.
Detection of anti-hantavirus antibodies. We used an ELISA with recombinant Sin Nombre virus (SNV) N antigen and Laguna Negra whole virus obtained from the US Centers for Disease Control and Prevention to detect IgG and IgM, respectively [13, 14] . All serum samples from patients positive by ELISA were also tested using a strip immunoblot assay for IgM and IgG antibodies with purified recombinant ANDV N antigen [15] .
RNA extraction and cDNA first-strand transcription. Total RNA was extracted from 200 mL of plasma and 150 mL of peripheral blood cells by use of the High Pure Viral Nucleic Acid Kit (Roche Molecular Biochemicals), in accordance with the manufacturer's protocol. RNA (2.5 mL) was used as a template for cDNA synthesis with the primer 5 -CACACGAACAA-CAGCTCGTGA-3 (nt 49-69), which was designed to serve as a primer for ANDV S segment using the Invitrogen first-strand synthesis kit as recommended by the manufacturer.
Qualitative, conventional, heminested reverse-transcription polymerase chain reaction (RT-PCR). The S open reading frame (ORF) cDNA was the template for PCR using primer S, located between nt 49 and 69, and primer R, located between nt 1107 and 1129, and the amplification product was used as a template for heminested PCR with primer S and primer A (nt 262-283). Amplification products were visualized by gel electrophoresis, and fragments of the expected sizes were sequenced for confirmation.
Quantitative RT-PCR. A real-time-based method was developed for ANDV quantification by use of a LightCycler instrument (Roche Molecular Biochemicals). The standard curve was generated from known copy numbers of the template, and the quantity in unknown samples was calculated as described elsewhere [16] . The PCR primers were 5 -CACACGAACAAC-AGCTCGTGA-3 and 5 -TTAGATGATCATCAGGCTCAA-3 , which amplify a fragment of the ORF of the S segment between coordinates 37 and 271 bp (GenBank accession number NC003466). The specificity of the resulting product was confirmed by melting point analysis.
Statistical analysis. Simple statistics for frequencies and continuous variables were calculated for all variables in the database, including the demographic characteristics of the index case patients and household contacts, the types of contact with an index case patient, and risk activities. The frequency for each variable was compared using Fisher's exact test for contingency tables, the Mann-Whitney U test, and Student's t test. Relationships among risk factors were calculated using Spearman's correlation coefficient and variance inflation factors (VIFs). A basic logistic regression model was implemented to compare risk factors in household contacts who did and did not develop HCPS. We then used a conditional stepwise logistic regression model to identify important risk factors associated with the acquisition of HCPS. We used statistical packages SPSS (version 11.5) and SAS (version 9.1; SAS Institute) for all analyses. ). Of the latter, 6 were n p 10 followed for 1-4 weeks before they developed HCPS, whereas the remaining 4 could not be contacted until they had developed HCPS.
The 6 who were seropositive at entry had both IgM and IgG antibodies and a history of an illness with onset 14-20 days before the onset of symptoms in the next case patient in the family. Five of the 6 had sought medical evaluation during the acute illness, and 2 were hospitalized with a diagnosis of atypical pneumonia. The remaining 4 had a febrile illness with back pain ( ), myalgia ( ), abdominal pain ( ), and n p 1 n p 1 n p 1 gastrointestinal symptoms and dehydration ( ). We pern p 1 formed RT-PCR on peripheral blood cells from the first available sample from these 6 case patients. We detected ANDV RNA in 4 case patients from blood obtained 24, 25, 32, and 35 days after symptom onset and were unable to detect ANDV RNA in 2 case patients from blood obtained 49 and 64 days after symptom onset. These 6 cases occurred in 4 family clusters-2 clusters with 2 cases and 2 clusters with 3 cases. We reclassified the first person to become ill as the index case patient and the second and third persons to become ill as additional household case patients.
Whenever HCPS was diagnosed in a household contact, we extended the period of observation for other household contacts and attempted to enroll additional contacts who met the entry criteria. In this manner, we enrolled 55 additional contacts for a total of 476 household contacts.
Characteristics of the case patients with HCPS and the case clusters. Of the 92 case patients with HCPS (76 index case patients and 16 additional case patients), 62 were male and 30 were female. The median age was 36 years (range, 1.5 months to 77 years); 11 patients (12%) were !16 years of age. Fifty cases were severe (requiring mechanical ventilation and/or vasoactive drugs), and 42 were mild (requiring neither mechanical ventilation nor vasoactive drugs; all but 5 of the patients with mild HCPS were hospitalized). The mortality was 21.7%. Thirty cases (32.6%) occurred in 14 household clusters, including 12 clusters with 2 cases and 2 clusters with 3 cases.
The demographic characteristics of the 76 index case patients, the 16 additional case patients, and the 460 household contacts who remained seronegative as well as the disease severity for the case patients are shown in table 1. The proportion of males was higher among the index case patients than among the additional household case patients ( ), and the me-P p .008 dian age of the additional household case patients was significantly greater than that of the household contacts who remained seronegative ( ). Otherwise, the demographic P p .042 characteristics of the 3 groups were similar.
Mode of transmission and intervals between onset of symptoms. The median interval between symptom onset in the household clusters was 19.5 days (range, 4-30 days), and all but 2 intervals were 14 days or more (table 2) . Person-toperson transmission was the only potential mode of acquisition for 3 additional household case patients (5, 8, and 10) , with intervals of 16-23 days between symptom onset. There was close contact with the index case, including 2 of 3 who were sex partners, and the additional household case patient lived in an urban area without risk of environmental exposure. For 9 additional household case patients (3, 4, 7, 9, 11, 12, 13, 15 , and 16) with intervals of 14-30 days, transmission is best explained by person-to-person transmission. There was close contact with the index case patient, including 7 of 9 who were sex partners, and a lack of major risk factors for environmental exposure. The mode of acquisition is less clear in additional household case patients 6 and 14, with intervals of 20 and 27 days, respectively, between symptom onset. Additional case patient 6 lived with the index case patient in a rural area but slept in a different room and denied having body fluid contact. Additional case patient 14, although not a sex partner, slept in the same room but also had strong environmental risk factors, including the demolition of a shed.
In the remaining 2 additional household case patients (1 and 2), transmission almost certainly resulted from common exposure to environmental sources rather than from person-toperson transmission. The intervals of 4 and 6 days between the onset of symptoms were shorter than the known incubation period for ANDV infection [17] . Additional case patients 1 and 2 were not sex partners with their index case patients and shared common exposure to environmental sources, including the demolition of a shed for additional case patient 2.
Risk factors for acquisition of HCPS by household contacts. We compared the exposure history for the 16 household contacts (3.4%) who developed HCPS and the 460 (96.6%) who remained uninfected. The risk of HCPS was 17.6% among sex partners, versus 1.2% among non-sex partners ( ). By P ! .001 univariate analysis based on the 95% confidence interval for relative risk, Fisher's exact test, and logistic regression (odds ratio), sleeping in the same bed or room; exposure to saliva (deep kissing), urine, and semen; and demolition of a shed were all also associated with an increased risk. Sleeping in a different room was associated with a decreased risk by uni- variate analysis (data not shown). By multivariate logistic regression analysis, only being a sex partner remained significant at a level of . P ! .05 To focus on risk factors for person-to-person transmission, we repeated the risk analysis after excluding the 2 additional household case patients (1 and 2) whose infections clearly resulted from common environmental exposure (table 3) . By univariate analysis, being a sex partner; exposure to saliva, urine, or semen; sleeping in the same room; sleeping in the same bed; assisting the index case patient; accompanying the index case patient to seek health care; and sleeping in the same room were associated with significantly increased risk (table 3) . Exposure to respiratory secretions was not associated with increased risk, but sleeping in a different room was associated with significant protection (table 3) . By conditional forward multivariate logistic regression analyses, only being a sex partner remained significant ( ). We then performed a back-P ! .001 ward conditional stepwise multivariate logistic regression analysis to determine which factors contributed to the risk. In this analysis, both being a sex partner (
) and exposure to P p .002 saliva ( ) remained significant, where those P values P p .046 correspond to a likelihood ratio statistic based on conditional parameter estimates. Additional interaction between these 2 variables was not considered, and backward stepwise elimination likelihood ratio tests, based on maximum partial likelihood estimates, resulted in the same final model.
We investigated multicolinearity (which can result from strong correlation between independent variables) in our logistic regression model to avoid inflation of variances of parameters by use of VIFs. Sleeping in the same bed (VIF, 2.10), sleeping in different room (VIF, 1.67), exposure to urine (VIF, 1.14), and assisting the index case patient (VIF, 1.40) showed multicolinearity. These variables were excluded from our variable-selection procedures, so no further action was necessary. The correlation between being a sex partner and exposure to saliva was 0.54 ( ). Addition of the demographic vari-P ! .001 ables age, sex, and ethnicity did not improve our model significantly. Parameters that we retained in our final model after backward selection are shown in table 4.
Early detection of infection. Six of the 16 household contacts who developed HCPS were enrolled and provided blood samples before the development of prodromal symptoms. None had IgG or IgM antibody detected before the onset of prodromal symptoms. However, ANDV RNA was detected by RT-PCR in peripheral blood cells a median of 11 days before the cardiopulmonary phase in 6 additional household case patients NOTE. NA, not available. a Case patient 10 was afebrile, asymptomatic, and seronegative when ANDV RNA was detected by RT-PCR, but the day of onset of prodromal symptoms could not be determined because of the subject's age. b First positive PCR result on 1 June; the index case patient died on 21 May after several days of symptoms, but the exact date of the onset of symptoms was not known. c Case patient 9 was seronegative when enrolled 7 days before the day of the onset of symptoms, but cells were not collected for analysis by RT-PCR at the enrollment visit.
and 5, 7, 14, and 15 days before the onset of prodromal symptoms or anti-hantavirus antibodies in 4 additional household case patients (table 5 ). The time course of the development of ANDV RNA in peripheral blood cells, IgG and IgM antibodies, symptoms, and hospitalization in additional household case patient 16 is shown in table 6. Using real-time RT-PCR, we also tested blood cells from 132 samples obtained during follow-up from 52 seronegative, asymptomatic household contacts, including 34 samples from 12 sex partners of index case patients, but none was positive.
DISCUSSION
In the present study-the first prospective study of household contacts of index case patients with HCPS-we found that 16 (3.4%) of 476 household contacts developed HCPS. We were able to identify risk factors for the development of HCPS among household contacts of index patients with ANDV infection. Sex partners were at the greatest risk (17.6%), but person-to-person transmission also occurred in persons with close, nonsexual contact, such as sleeping in the same bed or room. We also demonstrated for the first time that viral RNA can routinely be detected in blood cells for up to 2 weeks before symptoms or anti-hantavirus antibodies are evident. These findings have several implications. First, household contacts of patients with HCPS in areas where ANDV is present should be counseled that they are at risk of developing HCPS within the next 4 weeks and that they should seek medical attention at the first sign of fever. Second, risk factors identified in the present study could be used to identify household contacts at highest risk of developing HCPS, in order to prioritize efforts to contact household contacts and possibly to identify candidates for prevention studies. Passive postexposure administration of neutralizing antibody provided protection in an ANDV hamster model [18] , so it is conceivable that postexposure treatment of household contacts with human plasma, g globulin, or humanized monoclonal antibodies with high neutralizing activity might prevent severe or fatal illness.
Third, real-time RT-PCR of blood cells could be used to detect infection before the onset of HCPS. HCPS occurs predominantly in rural areas, where access to real-time RT-PCR is limited, and family clusters are uncommon outside of Chile and Argentina. As such, testing is unlikely to be routinely available. However, testing might be feasible for some high-risk household contacts in Chile and Argentina or after high-risk rodent exposure, a laboratory accident, or intentional release. Fourth, our finding that ANDV RNA was present in peripheral blood cells for 5-15 days before the onset of symptoms or the appearance of IgM or IgG antibody significantly expands our understanding of the natural history and pathogenesis of HCPS and provides additional support for the concept that the life-threatening cardiopulmonary phase may be largely mediated by immune responses [19, 20] . We believe that the virologic and serologic data from additional household case patient 16 provides the most complete description of the natural history of human hantavirus infection in the literature, and for this reason we have shown the data for this patient in table 6.
Finally, our findings suggest that most additional cases in household clusters in Chile result from person-to-person transmission. Although acquisition was probably from exposure to rodents in 3 of the 16 cases and was unclear in 1, we believe that the remaining 12 cases resulted from person-to-person contact. The time intervals between the onset of symptoms were consistent with the incubation period for ANDV infection [8, 17] , multiple variables associated with close contact with the index case patient were associated with increased risk of acquisition, and 3 of the 12 lived in urban areas where the only possible exposure to ANDV was from contact with the index case patient.
There are several limitations to our data. First, because the logistics of collecting samples at regional hospitals prevented optimal processing of samples for virus culture, we do not know whether the peripheral blood cells that were positive by RT-PCR would also have been positive by viral culture. Second, with 3 exceptions, we cannot completely exclude the possibility of common source acquisition. As such, our analysis of risk factors for person-to-person transmission (table 3) may include 1 or more cases acquired from common environmental sources rather than from person-to-person transmission. We considered limiting the analysis in table 3 to household contacts who were sex partners, but 1 definite, 2 probable, and 2 possible cases of person-to-person transmission in our study resulted from close contact without sexual contact, and others have clearly documented person-to-person transmission of ANDV infection that was not limited to sex partners of index case patients [10] .
Third, our identification of exposure to saliva via deep kissing as a possible risk factor should be interpreted with caution. Although exposure to saliva was significant in the univariate analysis and remained significant in the backward stepwise multivariate logistic regression model, the correlation between being a sex partner and deep kissing was high ( ), and P ! .001 only being a sex partner remained significant in the conditional forward regression analysis. Further studies are needed to determine whether ANDV is present in human saliva and may be transmitted via deep kissing. Nonetheless, it is interesting to note that ANDV has been detected by immunohistochemistry in salivary gland tissue and by amplification of genomic RNA from saliva from Oligoryzomys longicaudatus, the ANDV rodent reservoir [21] ; that SNV RNA is present in saliva but is undetectable in most urine and fecal samples from deer mice [16] ; and that hantaviruses may be transmitted from rodent bites [22] [23] [24] . Fourth, although exposure to semen and urine did not remain significant in the multivariate analysis, exposure to both was highly correlated with being a sex partner. As such, either the latter or the small sample size could have prevented identification of a significant association.
Exposure to hantavirus-carrying aerosols is thought to be the primary route of transmission from hantavirus-infected rodents to humans. In the present study, the lack of a significant association with exposure to respiratory secretions, the relative inefficiency of person-to-person transmission within households, and the increased risk among sex partners and others with close contact with the index case patient all argue that droplet or airborne transmission, if present, is likely to be an inefficient mode of person-to-person transmission. However, this mode of transmission cannot be completely excluded. These results are largely supported by those of Wells et al. [10] and Martinez et al. [8] , which also suggest that person-toperson transmission requires protracted, relatively intimate interpersonal contact. Finally, the lack of association in the present study with risk variables such as work in forestry or cleaning storage rooms or barns should not be taken as evidence that these activities do not confer risk. Because most of the 16 household contacts with HCPS appear to have acquired infection from contact with the index case patient, we believe that we were left with little power to detect risks from environmental exposure among the few household contacts who acquired HCPS from environmental exposure. Although we believe that all 76 index case patients acquired ANDV infection from environmental exposure, we chose not to present data on risk factors among index patients in this analysis.
In summary, household clusters of ANDV infection are common in Chile, and most additional cases in household clusters result from person-to-person transmission. The risk of infection among household contacts of index case patients with HCPS was increased in sex partners, in those who engaged in deep kissing, and in those who participated in the demolition of a shed and was decreased in those who slept in different rooms. Finally, viral RNA could be detected in peripheral blood cells for up to 2 weeks before the onset of symptoms or the appearance of anti-hantavirus antibodies.
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